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Executive Summary

This report summarizes the annual increment of monitoring work accomplished in 2018 by the
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Monitoring Element (LTRM) of the Upper Mississippi River RestoratgnadPn (UMRR). Herein, we

report data and observations for hydrology, water quality, aquatic vegetation, and fish in Navigation

Pool 8 of the Mississippi River, emphasizing the current sampling year in the context of recent and

historic trends.

Discharge was high in 2018, exceeding 100,000 cfs in May, June, and October. This resulted in the third
highest mean daily discharge during the LTRM period of record, also during th8égesmber growing
season. The spring flood was of average duration and matgmihut continued a recent pattern of
occurring later than usual, in May.

Water temperatures were cooler than normal during spring, summer, and fall. Total suspended solid
concentrations wereslevatedduring spring sampling afdwer than normain summer Chlorophyll a
concentrations were below normakith summer being notably low, likely related to high discharge and

cooler water temperatures. Total phosphorus concentrations weredrigfiran normalin spring and

lower than normalin summer. Totahitrogenconcentrations were higher than normalith notably

high concentrationsn fal, andwere- & 2 NJ | 62 @3S GKS ! o{ ® 9y PFANRBYYSyYy (il f
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100% saturation), with very few sites having extreme high or low concentrations. |gaweashicker

than usual during the thregveek sampling period in January, but snow depth was very thin (whigh

partially explain the thicker ice).

Prevalene (percent frequency occurrence) of all forms of aquatic vegetation remained high in 2018,
despite high discharges angep sampling depthsThe prevalence of rooted/floatidgaved plants
decreased from 40.2% in 2016 to 29.3% in 2018, and botlromted floating and filamentous algae life
forms were noticeably lower in 2018 relative to 262817. Submersed and emergent plants, however,
remained at levels similar to those in 202817. Two native aquatic plants, wild celery and wild rice

play an especily important role in support of migratory waterfowl and other wildlife. Wild celery
increased dramatically between 2000 and 2010 and remains detected at about 40% of sites. Wild rice
detection frequencies have increased from near zero in 2005 to ovérdsites in 2018. Invasive
Eurasian watermilfoil and curly pondweed remain detected at abot2a% of sites, although curly
pondweed is approximately three times more abundant during its maximum biomass period in May.

Fish sampling yielded 19,539 fish, f  NAS RSOt AyS FFGSNI vamtTQa NBO2NR
about average, at 62 species. Bluegill and Weed Shiner dominated the catch, numerically, and Common

Carp was the dominant species, by weight. Fish community diversity increase®ito28#& highest

level since the midh b cpn Q& ® { SOSNIf NINB FTA&AK aALISOASE 6SNB O
listed as endangered in Wisconsin. Among sportfishes, Flathead Catfish, Northern Pike, and Smallmouth

Bass populations are trendjrup; whereas, most others are exhibiting stable trends. Management

action to bolster populations seems warranted for Saugecaash-per-unit-effort has remained at low

levels for almost two decades.



Hydrograph
Methods

Pre1988 dscharge data werpreviously2 6 G F A Y SR FTNRY GKS | ®(Cdrps) NX¥e& [/ 2 NLJ
website for water information on the Mississippi RiMaut is no longer availablé-or 1988 and

following, we reguestd a dataset of daily discharge data directly from St. Paul distripsGoater

personnel. For 20B, we used discharge estimates from Lock and Dam 8 at Genoa, WI, as we have done
starting with the 2013 reportWe report daily discharge valuassing values recorded at 1300 or 1400

hrsfor recent yearsandat 0800hrsfrom 1959-1987.

A historical hydrograph was constructed by computing the mean daily discharge values from the years
19592017. The daily discharge for 2B%vas thenoverlain onthe longterm daily mean to observe
departure from typical conditions. Additionahalyses examined annual, growing season {Viay
September), and spring flood discharge characteristics. Mean discharge was calculated from daily
values, plotted for years 1993018 (LTRM period of record for stratified random sampljrag)d overlain

on a pbt containing the historic mean, T0and 98" percentiles for all years (1959 to 2)1 Mean

growing season discharge was calculated and plotted similarly to the mean annual discharge. The
spring flood pulse was characterized according to timing, duration, and magnitude. The timing of the
spring flood was ascribed to the month (March, AprilMay) containing the preponderance of dates
which the ten highest discharge values were observed each spring. Duration of the spring flood was
characterized by the number of days each spring in which the discharge exceeded the hiétoric 75
percentiledischarge value from March through May. Magnitude was reported as the maximum spring
discharge value for each year.

Results

2018 wasslightlywarmer and muchwetter than normalin LaCrosse, especially during the May

September growing season (source: National Weather Seiige//www.weather.gov/arx/lse2018.

Precipitation wast or belownormalthrough April but May, August, Sépmber, and October were all

much above normal! LINAf wHAamy 6+ & GASR F2NJ 0KS O2ft RSaid 2y NJ
However, Maythrough Septembewere warmer than normalespecially May and June

Dischargavashighfor afew weeksn late April and early Maglue tolate, rapid melting of the
snowpackFigure 13 Then, as has been common in recent years, large rainfall events, locally and
upstream, affected the hydrograph during the growing seasbime Juneluly discharge peak was
caused by rainfall further north in the basin, but the lst@mmer peaks were caused by local rainfall.
Discharge peaks occurredlate June,Septemberand October Thisresulted in the third highest mean
annual dischage of the LTRM er@rigure 1b)andthird year in a row of very high dischargelean
growing season dischargeasalso abovehe 90" percentile andvas thethird highestfor the LTRM
period (Figure 1 Thus,water levelsexceeded the historic hydrograph during all but a few days
late April to the end of the year


http://www.weather.gov/arx/lse2018
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Figure 1Toppanel- Daily discharge at Lock and Dam 8 on the Upper Mississippi River Bis2@presented by

the solid line. Mean daily discharge by day of the year for 2989 is represented by the dotted lindiddle

panel- Mean discharge by year is represented by the black dots. The solid line represents mean historic discharge
for 19592018. The dashed lines represent thetl@nd 90" percentiles for 1952018 dischargeBottom panel-

Mean growing season discharge (Magpt.) by year is represented by the black dots. The solid line represents
mean historic growing season discharge¥669-2018. The dashed lines represent the'.and 90" percentiles for
19592018 growing seasons.



Sixof the ®venhighest mean annual discharges during the LTRM period of record occurred in the past
nineyears, alongvith four of thefive highest meargrowing season discharges. Thagdrologic

extremes highlight the importance of continued letegm monitoring on the UMR. Bimodal and
polymodal hydrographs have also become more common in the last decade, including fall (2016) and
winter (2015) floods.

The2018 spring flood analysi§Table 1Yyeflects the cold April mentioned above, as the peak discharge
occurred during MayWater levels were elevated f@5 daysduring the springand the peak discharge
was135100cfs. This was another year where the duration and magnitude of the sprind fieye
normal, but the peak timing was atypitalate. April floods have becomscarce in recent years,
occurring only once since 20{0able }.

Table 1. Spring flood pulse statistics by year during the LTRMP period of recore2(i898r discharget Lock

and Dam 8 of the Upper Mississippi River. Duration represents the number of days each spring when discharge was
above the 75 percentile from the longerm record (1959017). Timing represents the month when the

preponderance of the ten highesistharge days were observed each spring. Magnitude represents the maximum
discharge observed each spring.

Year Duration Timing Magnitude

1993 56 April 116200
1994 20 May 107100
1995 27 May 86000
1996 29 April 140200
1997 40 April 188300
1998 22 April 122500
1999 32 May 110400
2000 0 March 66500
2001 54 April 225100
2002 18 April 121100
2003 23 May 116900
2004 3 April 80300
2005 19 April 96300
2006 24 April 104000
2007 18 April 87400
2008 40 May 101000
2009 11 April 83300
2010 26 March 114100
2011 67 April 168800
2012 0 May 76200
2013 50 May 116900
2014 49 May 133500
2015 1 May 79600
2016 14 March 106200
2017 50 May 129200
2018 25 May 135100



Water Quality
Methods

The focus of the LTRM watguality component is to colledimnological information relevant to the
suitability of aquatic habitat for biota and transport of materials within the syst&imce 1993, the

LTRM wateguality sampling design has incorporated yeaunnd fixedsite sampling (FSS) and quarterly
stratified random sampling (SRS)he mixedmodel design provides information at both broad spatial
scales with low temporal resolution (i.e., SRS) and at small spatial scales with higher temporal resolution
(i.e., FSS)SRS tracks conditions at spatial scatgsesponding to sampling strata or larger (i.e., whole
pool or sampling reach) and at seasonal to annual time scales or loimgeontrast, FSS provides
information at more frequent intervals (i.e., within season), at specific points of interest such as
tributaries, tailwaters, impounded and backwaters with high habitat valliee data used for this report
are weighted poolvide median values from SRS sampliiiéater temperature and dissolved oxygen
(DO) concentrations used in this report were surfa@asurements taken at 0.20nWater samples

were collected near the surface (0.20m) to quantify total suspended solids (TSS), chlorophyll a, total
phosphorus (TP) and total nitrogen (TW)Jore details on LTRM watepuality sampling methods can be
found inSoballe and Fischer (2004) at:
http://www.umesc.usgs.gov/documents/reports/2004/04t00201. pdf

More indepth graphical display of data pertaining to water quality metrics by seasach and
sampling stratum can be found by utilizing the LTRM Water Quality Graphical Data Browser at:
http://www.umesc.usgs.gov/data _library/water_quality/watequality page.html

Results

Water quality in 2018 was strongly influenced by high discharge throughout the year (witl the 3
highest annual andBhighest growing season discharge since 1#8fjre 1) This was the third
consecutiveyearwith extraodinarily high water Openriver conditions (dam not controlling flow) were
reached during spring, summer and fdhpacts of high flow on water quality variabke® discussed
below in the summaries of the major water quality variables.

Water temperatue was near the longerm median for winterbut below average (near the 95

percentile) for spring, summer and fafidure 2a) Water temperaturehasdirect and indirect effects on

large river ecologyWarm water temperatures can result in highespiration rates, leading to lower

oxygen saturation concentrations, which can increase the frequency of hypoxic conditions (Houser et al.,
2015; Likens, 2010Water temperature also influences the rate of photosynthetic production in

aquatic ecosystem@.e. with lower rates of photosynthetic productivity at very low and very high water
temperatures and higher rates of productivity at intermediate temperatureghe LTRM SRS data

browser does not show any strong trends for pgohle temperature ovethe period of record (1993

2018), although winter and summer have weak increasing trends while spring and fall show a weak
decreasing trend.

Total suspended solidsase relatively high in winter and spring, near the'"7gercentile, but below the
10" percentile in summer and near the losigrm median for fall figure 2b) While median winter TSS
was relatively high at 2.81 mg/l, this is a relatively low level of TSS, especially when compahed to
seasons. Nonetheless, winter TSS has belativelyhighduringthe last three winterslikely


http://www.umesc.usgs.gov/documents/reports/2004/04t00201.pdf
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Figure 2 Box plots represent the 10 25", 50", 73", and 90" percentiles of the medians by stratified random
sampling season for thdpper Mississippi River RestoratiBnogram- Long Term Resource Monitoring Element
period of record (1992018) The star represents the weighted pewlde median for each parameter by season
for 2018 (b) The dashed line represents the upper limit to sustain submersed aquatic vegetatiUpper
Mississippi River from Giblin et al., 204@) The dashed line represents the lower limit of the eutrophic rgage
defined by Dodds et al1998. (d) The dashed line represents the total phosphorus criterion forwmadeable

rivers inWisconsin as defined by NR 102.¢6) The dashed line represents upper limit of the range suggested for
total nitrogen as defined by the USEPA (2000).



due toincreased runoff due to snow melt afat precipitation on warmer winter daysAlso notable
wasthe extremely low pooelvide median TSS observed during summer SRS (3.74 ®@gfi)mer
sampling coincided with the descending leg of a period of sustained high agerg 1a). While TSS
often decreases as floods recede, 3.74 mg/l was unusually low.

The prevalence o§ubmersedaquatic vegetation remained high in 2018 without80%o0f sites

supporting aquatic vegetatiofHgure 5, aquatic \egetation section), which may have contributed to the
lower summer TSS concentrations because it slows watecighllowing sediment to fall out of the
water column Vegetation also stabilizes sediment and reduces sediment resuspension from wind and
boat generated waves (Madsen et al., 2Q0The physical influences that aquatic vegetation has on the
river hydiology can create a positive feedback that allows more areas to be vegetated which further
lowers TSS (Scheffer 1993, Giblin 201¥hen compared to normal conditions (a-§bperiod 1994
2009),2018summer turbidity, TSS anablatile suspended solids (\JS&re very low in backwaters and
low in the impounded areaHgure 3) In 2018 the percentage of vegetatsiteswas 92.7 and 87.6 for
connected backwaters and impounded area respectivEple 2, aquatic vegetatiosection)

Prevalence of aquatizegetation in these strata has been similarly high for over a decade yet TSS has
been steadily decreasind-urther, poolwide submersed aquatic vegetatiq®AY prevalence peaked in
2010 at ~ 90% but fell to a lower level after that and has been ~80%ash#ur years Exactly what is
driving the decreasing TSS trend is still unclddre LTRM SRS data browser shows a strong decreasing
trend in poolwide TSS for spring, summer and fall and a weak decreasing trend for winter (pool 8, 1993
2018) Poolwide median TSS concentrations are rarely above the criterion (<30 mg/L) required to
sustain SAV in the Upper Mississippi River (UMR) during all seasons (Giblin et al., 2010)

Chlorophyll a concentrations were below the letggm median throughout the yeawyith summer and

fall having the lowest levels (<2percentile) These lower concentrations are likely a function of
dilution, mixing and flushing caused by the high and erratic discharge during 2gag(la, 2c).

Chlorophyll a is an indicator of ptoplankton biomass in the water columis in lakes, light,

temperature, nutrients, and hydraulic retention time are the primary factors determining phytoplankton
biomass and growth (Houser et &015; Likens, 2010, Soballe and Kimmel 198®dian chorophyll a
values were also below the eutrophic range (380L, Dodds et al., 1998) during 201Butrophication

is still a major water quality issue in the UMIRd while chlorophyll a concentrations in Pool 8 fell below
the eutrophic range, this may naccurately characterize the trophic state of Pool 8 because most of the
collections were made during high wateFhe LTRM SRS data browser shows weak decreasing trends
for chlorophyll a in all seasons (pewide, 19932018).

Two other factors that mayffect suspended algae productivity in Pool 8 include: allelopathy by SAV
which may be limiting suspended algae production because of its high frequency of occurrence
especially in backwatergi@ure5). Backwaters tend to be dominated IBeratophyllum edmersumand
Elodeacanadensisand Myriophyllum spicatunis common All three of these species are known to
produce allelopathic algal toxins (Hilt and Gross 20(Higld station staff have made anecdotal
observations of very clear water in backwatevge though nutrients (NOx and SRP) are often
abundant When compared to normal conditions (a-§bperiod 19942009), chlorophyll a was low in
backwaters and impounded strata during summiagire 3), suggesting that aquatic vegetation may be
limiting suspended algaeSecondly, we observed very few algal blooms from cyanobacteria (e.g
Microcystisand Aphanizomenoy which is not surprising because these blooms tend to be more



prevalent during periods of low discharge combined with warm water temppeegt conditions that
were rare in 2018.

Phosphorus is an essential plant nutrient that can limit the biomass of phytoplankton and aquatic
macrophytes in aguatic ecosystemg&xcessive phosphorus loading can result in increased biomass of
phytoplankton, ooted and freefloating plants, increased incidence of fish kills, reduction in species
diversity and reduction in perceived value of a water body (Smith and Schindler, 2009, Giblin et al
2014) Total phosphorous levels were near thé"ggercentile forwinter, near the 9& percentile in
spring,nearthe 18" percentile in summerand just abovehe 50" percentile for fall Figure 2d). The

LTRM SRS data browser shows a fairly strong decreasing trend in TP for winter and fall and a weak
decreasing tred for spring and summer (poalide, 19932018)

TP levels were below the Wisconsin TP criterion (0.10 mg/L) for wadeable rivers (Wisconsin
administrative code NR 102.06) only in winter and were above this level during spring, summer.and fall
It is notewathy that even though median summer phosphorous levels were near tfigogfcentile for

the LTRM period of record (POR) they still exceeded the Wisconsin TP criterion.

A significant fraction of TP inputs come adsorbed to the TSS load, therefore, thetratioa of

TP tends to track well with TSS (comp@gaire 2b and d) Heavy rain events can cause increased
erosion/runoff in the watershed, therefore increased sediment delivery to the riltavas

not surprising to see the higher TP levels in gpgiven the conditions we experienced (i.e

high discharge from spring runoffThe low TP observed in summer makes sense in that it tracks with

the lower TSS, but as mentioned in the TSS section, this is somewhat surprising as we had above average
discharge during the summer SRS sampling period

While nutrient concentration is important, we must keep in mind the overall load of a given nutrient

For example, TP in summer was very low but discharge was betwétartD75% higher than the

mean histoic discharge; the load of TP during summer SRS may not betlmmenormal Similarly, the

TP load in fall would likely be notable as discharge was over twice the mean historic discharge during the
fall sampling period The LTRM water quality componedies not calculate loads as part of its routine
reporting, however this information would be useful, and warrants future efféidr example, Kreiling,

R.M and J.N Houser (2016) calculated dischargarected concentrations (weighted regression on

time, discharge and season to remove effects of variation in discharge when evaluating.trends)

Elevated phosphorous concentrations are often attributed to inputs from point andpmimt source
pollution e.g municipal treatment plants and agriculture ruriofThere can also be significant
phosphorous inputs from sediment microbial activity, especially in backwaters experiencing anoxic
conditions during the warmer months, known as anoxic sediment release of phosphatais

discharge in 2018 and therefomore water exchange between the well oxygenated channel water and
backwater areas may have limited the existence of anoxic conditions which would reduce the rate of
anoxic sediment release of phosphorole had very few sites with anoxic conditions iri20

Nitrogen, like phosphorous, is an essential plant nutrient that can limit the biomass of phytoplankton
and aquatic macrophytes in aguatic ecosystenixcessive delivery of nitrogen (mainly from

agriculture) in the form of nitrate to groundwater and surface waters has been associated with several
negative consequences for human and ecosystem health (Wolfe and Patz, Ri@ayen

concentration tendsd increase with increasing discharge as+point input from agriculturally

dominated tributary watersheds is delivered to the UMR (Goolshy et al., 20@@l nitrogen was high

in winter and spring (#5percentile),nearthe 60" percentile in summerand very high (> 90

9



percentile) in the fallfigures 2e, 3) In 2018, TN was substantially above the upper concentration
recommended by the USEPA for ecosystem healthZ@8 mg/L) during winter, spring and fall and

right at the upper limit in summegiUSEPA, 2000¥ rends for TN are mixed, the LTRM SRS data browser
show a strong increasing trend in winter, a weak decreasing trend in spring and summer and a weak
increasing trend in fall (poalide 19932018).

Comparison of 2018 water quality conditis to normal conditions
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Figure 3 Comparison of 2018 water quality conditions to normal conditions (from UMRR website
https://www.umesc.usgs.gov/repts _publications/Itrmp/water/2018 annual _unusual.htil Data acquired

over a 15yr period (19942009; data missing in 2003) was used to determine annual 95% upper confidence limits
(UCL) and 95% lower confidence limits (LCL) of the mean for each e/aeabih/episode/stratum Estimates of

the 95% upper and lower confidence limit for the year of interest (e.g., 2010; a year outside-yheésod),

along with the median, were compared to the-§bannual extremes to determine unusual conditioisstmates
where the median was higher than the highest annualy &CL or lower than the lowest annuahibLCL were

bt 2 b6t (h), edpkchvEhEItiknhates where the LCL was higher than the highest annual WEL or the

UCL was lower than the l@st annual 15/r LCL were "very low" (L) or "very high"(H), respective)ynormal

10
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Watershed management practices have had little suceelsiering nitrogen delivery to ground water,
rivers and ultimately the Gulf of Mexicd-urther investigationnto the high variation observed between
years as well as the increasing winter and fall trend is needed

Adequate dissolved oxygen (DO) is critical to sustain aquatidi@econcentration can be reduced
through decomposition of organic material frgmoint and nonpoint sources, plant and animal
respiration and demand from accumulated sedimehedian DO was not far off the B(ercentile in
all seasons (Figure 2l TRM SRS data show an increasing trend in winter, no trend in spring and
summer anda weak decreasing trend in fall (peside 19932018) The high discharge in 2018 likely
contributed to the very steady conditions in DO (usually at or near 100% saturation).

Ice and snow thickness can affect the concentration of DO in the underlying eatenn by reducing
available light and thereby suppressing photosynthetic activiedian ice thickness was slightly above
the 75" percentile, while snow depth was near theipercentile (Figur@). The thicker ice was no
surprise giving the minial snow cover and subero temperatures we experienced in January.

The ice and snow conditions during winter 2@k&ear to have been suitable for light transmission as
median DO during winter was 13.01 mg/l and very few sites had DO below 5 mg/l; theB®lsites

were largely in Blue Lake, an isolated backwater that is often hypoxic in winter, and the remainder were
shallow sites with little available water depth below the.ide a year with such low snow cover we

would expect to see areas supersatwgdtwith DO (due to the increased light available to SAV, and

algae) Oxygen supersaturation has been implicated in past years as the cause ofieméish kills in

Pool 8 as well as other pool#Ve had very few sites with supersaturated DO with thénbgj level being

198% Even though the ice was thick at this site (45cm) it did not appear to limit light and snow depth
was only 1cm The small bump in discharge during winter SRS may have kept water exchange rates high
enough, limiting excessive DO centrations.
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Figure 4 Box plot represents the 10 25", 50", 73", and 9@ percentiles of the medians for winter ice thickness
and snow thickness above the ice sheet during winter forUpper Mississippi Riv&estoration ProgramLong
Term Resource Monitoring Elemgpetriod of record (1992018) The star represents the weighted pewlde
median for each parameter for the winter of 2018.

11



AQUATIC VEGETATION
Methods

Aquatic vegetatiorsurveys are conducted 460 sites in Pool 8 annually, and sites are visited between
15 June and 15 August to target the period of peak biomass. Methods are described brieflyuhere,
more detail on LTRM vegetation sampling protocol can be found in Yin et al., 2000. Sitexlarely
selected at established stratuspecific densities to reflect relative coverage in the Pool 8 ecosystem,
based on LTRM probabilistic desigits://www.umesc.usgs.gov/ltrmp/stis/statistics.htm). The boat

is anchored within 10 m of site coordinates. Emergent species, rdlo@ihgleaf species and nen

rooted floatingleaf species are assigned cover scores based on their abundancemetaring

around the boat. At eackite, SAV is sampled in six subplots by pulling a modified garden rake over the
sediment surface for a distance of ~1.5 m and SAV caught in the rake teeth is examined for species
identification and abundance scoring. Vegetation caught on the rake isRcoted & LJX | yi RSy aaii
sixlevel ordinal scoring scheme. Increasing plant density values represent increasing levels of stem
density on the rake; score = 0 when no plants are on the rake, and scorésarktlassigned to

increasing number of plarstems (irrespective of length or branching density) caught on the rake. Rake
teeth are marked in 20% intervals and plant density is scored as 1 if SAV fills rake teeth up to the first
mark, scored as 2 if plant stems fall between the first and secondvaite etc.

Specific features of the Pool 8 aquatic vegetation in 2018 are based on data spannirgg2Da83 and
data were downloaded from the LTRM graphical data browser at:
(https://www.umesc.usgs.gov/data_library/vegetation/graphical/veg_front.hfml

Results

We conducted surveys at 449 of 450 sites between 15 June and 7 August in 2018 (locations shown in
Appendix A). One site was inaccessible as it was located under a boathouse in Lawrence Lake (the BWC
stratum) and was excluded from calculations. Water wexry high during most of the 2018 field

season; mean depths measured during sampling were, on average, 45 cm deeper in 2018 than in 2017.
Approximately 20 sites were too deep to sample (> 2.8 m) when they were first visited but were also
<3.5m,suggestlh G KIF & GKS@& ¢g2dz R 0SS &l YL SIFIotS dzyRSNJ Y2NB
those sites and rsampled after the water level had fallen somewhat in the late season.

Longterm patterns in vegetation abundance

Since LTRM probabilistic monitoring waisiated in 1998, the prevalence of all three major vegetation

life forms (submersed, rooted floatidgaf, and emergent) have increased in Pool 8 (Figure 5). The

GaG2aGFt Fljdzk GAO LIX LYyl AYyRSEé Aa GKS &dzyflogifig LISNOSy i
leaf, and emergent vegetation (Figure 6) and has also increased considerably since 1998. Because all

three life forms can overlap in distribution, this index can exceed 100%, and has remained between 140

and 160% in recent years.
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Figure 5.Prevalence of the three vegetation life forms over 21 years of LTRM probabilistic monitoring (+SE).
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Figure 6. Total aquatic plant index over time is annual, summed percent frequency occurrence of the submersed,
rooted floatingleaf, and emergent life fons. Because more than one life form can occur at the same site, the
index can exceed 100%.
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Aquatic vegetation in the LTRM strata

Vegetation abundance varied considerably between strata, with-sfmwving and still waters (the
backwater isolated, backwat&ontiguous, and impounded strata) generally supporting more vegetation
than moving waters (side channels and the main channel borders) (Table 2). This is consistent with

previous years.

Table 2. Summary of site distribution among strata for aquaft8di I G A2y &l YL Ay3 AY HAMy D
08 adzoo iGN} OlAy3a (GKS ydzyoSNI 27
stratum and dividing by the number of sites sampled in that stratum. Depths were measured at Saraling

and are not corrected for river stagereported depths provide only a general indication of differences.

+S3S4FGSRé s+ a O f Odzf I GSR

Number of Average depth (m)

Stratum sites (SD) % Vegetated
Backwater contiguous (BWC 109 1.42 (0.69) 92.7%
Backwater isolated (BWI) 20 0.65 (0.43) 100.0%
Impounded (IMP) 185 1.62 (0.58) 87.6%
Main channel border (MCB) 70 2.27 (1.39) 30.0%
Side channel (SC) 65 2.15 (1.23) 53.8%

As described in other sections of this report, 2016, 2017 and 2018 were years of high average growing
season discharge. Apparently, however, this has not negatively affected the overall prevalence of
aquatic macrophytes. When aquatic vegetation is catizgd by life forms, the percent frequency
occurrence of submersed species remained high, at 79.8% (Figure 5, Table 3) in 2018, and emergent
species also remained high (Table 3). Over the last three years, however, the prevalence of rooted
floating specie has decreased fromt0% to~30%. Norrooted floating (duckweeds) and filamentous
algae were both relatively low in 2018, with filamentous algae dropping substantially fror22016

values.

The relative abundance of submersed, emergent, and rootedifigétaf species varied by stratum

(Figure 7), reflecting habitdiased variation in a number of interacting drivers, especially water velocity

and light availability (e.g. Kreiling et al. 2007). For example, main channel and side channel areas are
charaderized by much higher water velocity than backwaters, and the impounded area is intermediate

in terms of water velocity.

A total of 34 plant species (excluding algae) have been identified in Pool 8 over the course of LTRM
monitoring. At individual vegetated sitesB4species are generally detected. The maximum number of
species found at a single site in 2018 was 19. hiditeest diversity sites usually include a large range of
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depths and include the transition from submersed species to emergent species (i.e. are near the edge of
water).

Table 3. Poelide mean prevalence of vegetation by life form over the last threes/€2016¢ 2018) suggesting

relative stability (also see Figure 5). All values except those ferauiad floating are weighted by stratum to

account for sample inclusion probabilitytips://www.umesc.usgs.gov/ltrmp/stats/means.htinl Norrooted

floating values are not available on the browser and are calculated as a straight fraction of all sampled sites. Total
aquatic plant index is the sum of submersed, rooted floateraf, and emergnt life forms percent frequency
occurrence.

2016 2017 2018
Percent frequency Percent frequency Percent frequency
occurrence occurrence occurrence
Submersed 77.4 78.2 79.8
Rooted Floating 40.2 33.1 29.3
Emergent 335 32.8 36.6
Non-rooted floating 28 25.3 20.0
Filamentous Algae 36.2 36.9 19.4
Total Aquatic Plant Index 151.1 144.1 145.7
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Figure 7. Percent frequency occurrence (prevalence) of vegetatidodifeby stratum.
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A portion of the increase in aquatic vegetation over the LTRM monitoring period is attributable to the
expansion of two native species of special inteegtld celery Yallisneria american®ichx.),and wild

rice Zizania aquaticd..). Wild celery isa predominantly clonal, perennial pla@nd has high specific

value as forage for canvasbaélythya valisineriavilson) and other migrating waterfowl. Wild rice, an

annual aquatic grass, can also be an important source of food and fooweitdlife. Longierm data

show considerable increases in the prevalence of both species since 1998 (Figure 8). Prior to 2008, wild
rice was only detected at-3% of sites annually, but in 2018 it was deteca@4% of sites. We note

that it was deteted in high abundance where it usually occurs, but also in low abundance (a few stems

per site) at many more sites than usual throughout the impounded area. Wild rice is now the most
frequently detected emergent species in Pool 8 LTRM surveys andbstarstial contributor to the

G2aGFt @S8S3SGlIGA2y AYRSE O6CA3IdzNBE cou o Ly 2dzNJ HamT
wild rice abundance in 2016 and 2017 was high water during both spring periods when rice stems were
elongating to reachtte surface; in both years the rice stems were very long and delicate (personal
204ASNDI GA2Yy 0 FYR YIFe y20 KI @S adzZNDAOGSR (G2 NBLINE Rz
water conditions during the 2018 growing season, this now seems unlikely exjphasion of wild rice

in Pool 8 is becoming a topic of increasing interest.
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Figure 8. Positive trends in the detection of vakdery and wild rice (poelide means) in Pool 8 over the 21 years
of LTRM monitoring.

The Pool 8 aquatic vegetati@@mmunity is composed primarily of native species, with only two, locally
abundant invasive specigSurasian watermilfoilNlyriophyllum spicaturhand curly pondweed
(Potamogeton crispyqFigure 9). These have occurred at-30@ of Pool 8 sites annuallyut have not
increased as dramatically as the native species described above, or as much as the total vegetation
index. Abundance of these species in 2018 was not strikingly different from recent years. Although
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sometimes locally abundant, they rarelppear to exclude native vegetation at the site level, and are
virtually never the only species detected at a site. The maximum biom&ssospusccurs in earlyto
mid-May, and this species has senesced considerably by the time summer surveysdureted. Due

to its off-set phenology, the species is ungepresented (in terms of percent frequency occurrence) by
approximately 3fold in summer surveys (Drake et al. 2017).
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Figure 9. Prevalence of the two common invasive species in Pool BTiREt monitoring.

The prevalence of native Northern watermilfoil (Figut€sand 11) increased suddenly in 2015 and has
remained at levels comparable to the invasive milfoil since then. Although we most frequently
encounter individuals that are clearlytleer M. sibiricum(usually leaves with-8 leaflets) oM.
spicatum(usually leaves with >16 leaflets), we also find hybrids with intermediate numbers of leaflets
and other morphological features. Hybrids are assigned to a species whereby <12 |eaffhettion
leaves indicate the native and 12 or more leaflets indicate the invasive.
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Figure 10. Nativ&lyriophyllum sibiricumtypically withey € S| Ff SGa LISNJ € SI F3X Aa akKz2gy |
species has been relatively abundant in Pool 8es215, and is shown here in a typical assemblage of dense,
native SAV.

30
25
20
15

10

Percent frequency occurrence

1995 2000 2005 2010 2015 2020

—e—Eurasian (invasive) watermilfoil —@—Northern (native) watermilfoil

Figurell. The native milfojMyriophyllum sibiricumbecame suddenly abundant in 20Emd has remained
relatively common in Pool 8.
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The profusion of algae in freshwater systems is associated with eutrophication, a major concern for
managers and users of Pool 8 and the greater Upper Mississippi River. Filamentous algae are often
found in dense mats or clinging to vegetation, and latefesummer blugreen algae appear as patchy
films. The prevalence of filamentous algae has varied considerably over time in LTRM surves (Table
Figure 12). Abundance of filamentous algae in 2018 was notably lower than in the three previous years,
andwas likely limited byhe higher discharge andater velocity throughouthe sampling season.
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Figurel2. Prevalence of filamentous algae over the entire period of LTRM monitoring.
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Fisheries
Methods

The LTRM fish component uses six standardizedtgpas, including daytime electrofishing, fyke nets,

mini fyke nets, largeand smahhoop nets, and otter trawls, within a randomized sampling scheme and
stratification based on broad habitat features. Fish sampling is conducted within three conseoutive
week episodes, from June 15 to October 31, to ensure both temporal, as well as spatial, interspersion of
the sampling gear deployments. More detail on LTRM fish sampling procedures can be found in Ratcliff
et al., 2014 athttps://pubs.usgs.gov/mis/ltrmp2014001/. A companion document (Ickes et al., 2014)
describes the monitoring rationale, strategy, issues, and methods, and can be found at:
https://pubs.usgs.gov/mis/ltrmp2014001a/.

The LTRM Fish Graphical Data Browser automates many routine analyses and prodieesnd

analytical products for end users. This information can be accessed at:
https://umesc.usgs.gov/data_library/fisheries/graphical/fish_front.hinRRoutine data analyses for

overall fish community data include sample allocation, species righmetsl catch by species, and
community composition (presence/absence). Stock size designations defined in published manuscripts
are among many useful descriptive parameters that can be found in the LTRM Fish Life History
Databaseavailable for downloaat https://umesc.usgs.gov/data_library/fisheries/fish _page.hinThe

life history database also contains a table with allometric growth information that allows conversion of
length data to mass, which yields additional insight into fish community characteristics.

This report summarizes sampling effort, total catches, and species richness, as well as summaries of
dominant species in the catch, by number and weight. Detectioruéregies and data on species of
special concern are also discussed. We also report any Asian carp collections, discuss Common Carp
status, and report other anecdotal observations on the fish community. Shawfiener Diversity

Index (Zar 1984) scores avemputed from day electrofishing collections to indicate fish community
diversity relative to previous years.

Catchper-unit-effort (CPUE) data are provided for ten common sport fish of interest to anglers and fish
managers. CPUE is reported as estimafagearspecific pooclwide means and standard errors,

weighted for effort expended within each of the sampling strata. Herein, we present CPUE data for one
or two effective gear types, as suggested by total catches from each gear. More detailed descaption
CPUE calculations can be found at the Fish Monitoring Rationale and Fish Procedures web pages, listed
above.

A stocksize analysis for ttge ten common sport fisbf interest displayshte catch of fish in each stock
category, annually, in stacked bguaphs, with substock catches in separfiggires due to their

generally higher numbers. Stock categories are based upon those listed in the Life History Database,
referenced aboveThe stocksize analysis includes catches from all gear types and sasits.

Data were omitted for 2003 in all cases because of reduced sampling that year. Also, catches of fish
from wingdam and tailwater sites are reported in total catch and species richness, but are excluded
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from CPUE calculations because these straeeweonsidered too small and unique for proper
stratification of sampling effort. However, CPUE values for the individual strata, including wingdams and
tailwater fixed sites, are available on the Fish Graphical Data Browser at the link provided above.

Results

Fish sampling in Pool 8 during 2018 was impeded by high water levels throughout much of the season.
Wingdam daytime electrofishing was missed completely in Period 1 and only one of four wingdams was
sampled during Period 3. Tailwater trawling vaéso not completed during Period 1. Finally, two small
hoop nets were lost during Period 3, one at the tailwater east fixed site and the other at a side channel
border site in the Raft Channel, where a large tree drifted through the set and dislodgedtthEhus,

257 of 270 allocated samples were completed for the year. High water undoulatedinfluenced

catches and gear efficiency during much of the season.

The LTRM fish sampling allocation among gear types has remained stable for many yealiigSam

effort was highest for daytime electrofishing (77 collections), followed by mini fyke nets (66 collections),
and fyke nets (48 collections). Effort was greatest in the contiguous backwater stratum (84 collections),
with side channel (59 collectionahd main channel border (48 collections) also receiving considerable
effort. The impounded shoreline stratum received the least effort. Please note that the strata names
imply habitat features, but a wide variety of habitat conditions exist within esicttum.

Total catch in 2018 was 19,539 fish, which is the lowest total catch in Pool 8 LTRM sampling since all
three periods were restored in 2010. The catch per sample value was the lowest since 19941@jgure
contrasting the 2017 record high valuday electrofishing (8,871) and mini fyke nets (7,669) had the
highest catches, yielding almost 85% of the total catch, combined. Species richness in 2018 was 62, six
fewer species than were caught in 2017, but about on par with other recent years.

240

(0]
o

2 7
Q-200- Q
E L 60 £
o 160 H 5:;,
8 120 A - 40 @
5 80 A 2
IS —200.
O 40-. n
0 - —O

°3 \p) Y] S o) ) V) N ) ") A

%) °) O O Q N Q \) N Y Y

N L N A M A A M P %

mmm Catch per Sample —+=—Species Richness

Fgure13. Catch per sample and annual species richness for Upper Mississippi River Restoration Hroggam
Term Resource Monitoring Element fish collections in Pool 8 of the Upper Mississippi River. Data represent
samples collected with daytimglectrofishing, fyke nets, mini fyke nets, large and small hoop nets, and otter
trawls. Data are omitted for 2003 due to limited sampling that year. Period 1 (Junduly 31) was not sampled
from 20052009 (gray shaded bars).
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Bluegill (4,242), Weed Bier (4,203), Largemouth Bass (1,863), Spotfin Shiner (1,198) and Yellow Perch
(795) were the top 5 species, in order of catch, in 2018 (Fittag These top five species comprised

63% of the catch. Unidentified Centrarchids (predominantly YOY BdjeBifick Crappie, Mimic Shiner,
and Smallmouth Bass were also abundant.

By weight (Figur&4b), Common Carp (775 kg) ranked first in the catch, followed by Channel Catfish
(315 kg), Bowfin (270 kg), Flathead Catfish (198 kg), and Freshwater Drum (181hleg)species

yielding over 100 kg included Silver Redhorse, Northern Pike, Shorthead Redhorse, Largemouth Bass,
and Bluegill. The top five species, by weight, accounted for about 57% of the total weight.

a) 2018 Pool 8 Catch Numerically b) 2018 Pool 8 Catch by Weight

B Bluegill ® Common Carp

= Weed Shiner m Channel Catfish

® Largemouth Bass = Bowfin
Spotfin Shiner Flathead Catfish

® Yellow Perch ® Freshwater Drum

u Other H Other

Figureld. Top species fa) catch ando) weight in samples frontdpper Mississippi River Restoration Programong

Term Resource Monitoring Element fish collections in Pool 8 of the Upper Mississippi River during 2018. Data
represent samples collected with daytime electrofishifydte nets, mini fyke nets, large and small hoop nets, and
otter trawls.

Appendix B Lists all fish species collected in LTRM Pool 8 samples, and number of years collected.
Historically, 37 species have been detected in Pool 8 LTRM samples every ye8Rsnoegan in 1993,

and each of them were again collected in 2018. An additional 27 species have been detected in at least
half of the years. However, of those, Orangespotted Sunfish has not been collected since 2014 and Sand
Shiner has not been collesd since 2013. Neither of them was collected in 2018.

Twentyseven species have been detected in 12 or fewer years. Of that group of relatively rare species,
we sampled the following in 2018 (most recent previous detection in parentheses): Trout@édct),(

Pirate Perch (2017), Speckled Chub (2016), Burbot (2015), Lake Sturgeon (2017), Yellow Bass (2017),
Mississippi Silvery Minnow (2015) and Crystal Darter (1998, the only other year it was sampled with
current gear types). From the list of more commhocaught species, we also encountered single
specimens of Brown Bullhead and Highfin Carpsucker. Fewer than 10 individuals were sampled for an
additional 12 species. Thus, about 35% of the species detected were very uncommonly encountered.
No new speies were collected in 2018. Thus, the LTRM fish species total in Pool 8 remains 91.
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As mentioned above, we caught a Wiscorsimlangered Crystal Darter in a tailwater trawl haul on
August 9, 2018. We were able to photograph and release this specimen #e caught two
Wisconsidlisted threatened species, Blue Sucker (1) and River Redhorse (7), in the Pool 8 LTRM
sampling this year. We also caught 1 Lake Sturgeon and 22 Mud Darters, both species of special

concern.

Through 2018, the Pool 8 LTRM sangpkfforts have not detected any Asian carp (Bighead, Silver, or
Black). This year, we caught 253 Common Carp, currently the onlyatioe fish species of significance

in Pool 8. Common Carp are thought to be in systemic decline in the UMR. Haeyaontinue to
dominate the catch, by weight, of all species in Pool 8. CPUE graphs of several gear typesb(Figure 1
top), provide a somewhat mixed picture. Day electrofishing CPUE for Common Carp does suggest a
longterm decline; whereas, fyke n&@PUE (Figuré&s1bottom) shows perhaps a slight lotgrm decline,

with a strong increase in the past three years. Shifting habitat utilization or a change in gear efficiency
could be contributing factors to these data trends, although population desliieseems likely, given

the trends in other LTRM study reaches.
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Figure 5. Catch per unit efforf+ 1SEdf Common Carp by daytime electrofishing (top graph) and fyke netting (bottom graph)
samples fronrthe Upper Mississippi River Restoration Piang - Long Term Resource Monitoring Element fish
collections in Navigation Pool 8 of the Upper Mississippi River. Data are omitted for 2003 due to limited sampling
that year. The longdashed lines on the CPUE graphs represent tifeah@ 90" percentiles and the dotted line
represents the longerm average for the period of record (192818).
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ShannorWiener Diversity Index scores for day electrofishing in Pool 8 LTRM samples (Bjgure 1
increased in 2018, to the highest score since the-mith b 1 Q & Gontivuksia@ecent trend toward
increasing diversity. Years 2007 and 2011 exhibited low diversity scores, and occurred during a period
when aquatic vegetation had increased in Pool 8. Interestingly, 2007 was a year with relatively low
mean annual didtarge, and 2011 had one of the highest (Figure 1b); thus, any relationship between fish
community diversity and discharge seems inconsistent. Linking fish community attributes to abiotic
driving forces illustrates the necessity of monitoring over longtframes, as there are many short

term perturbations that do not necessarily indicate real trends.
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Figure 5. ShannofWiener Diversity Index Scores calculated from LTRM daytime electrofishing samples from
19932018 in Navigation Pool 8 of the Upper Mississippi Riata are omitted for 2003 due to limited sampling
that year. Trend line is a secoondder polynomial representation of the data.

In summary, the Pool 8 fistommunity remained healthy again in 2018. Repeated high water events
made sampling difficult and inefficient, leading to fluctuations in catches. However, the robust habitat
and speciesliversity in pool 8 seems to have allowed the fish community to withstand these
perturbations.

Species of Interest Data are presented on the following pages.
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Black Crappie

Total catches of Black Crappie from all standard LTRM gear types combinedrgaafram 269 in

2009 to 1,693 in 1994. We caught 526 Black Crappies in 2018. Black Crappie CPUE decreased in 2018
for both daytime electrofishing and fyke nets (Figu@. Both gear types yielded catch rates near the

10" percentile for the LTRM period There are more years below the letegm average in recent times

than there were in the past.
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Figure . Catch per unit effor{+ 1SEdf Black Crappie by daytime electrofishing (top graph) and fyke netting
(bottom graph) samples from the Upphktississippi River Restoration Progratrong Term Resource Monitoring
Element fish collections in Navigation Pool 8 of the Upper Mississippi River. Data are omitted for 2003 due to
limited sampling that yearThe longdashed lines on the CPUE graphsespnt the 16 and 90" percentiles and

the dotted line represents the longerm average for the period of record (192818).

Catch of substockize Black Crappie (Figur® Was slightly below the lontgrm average in 2018, but
moderate numbers of smifish were still caught. The substock graph suggests a mild propensity for
Black Crappies to produce a strong year class every third or fourth year.

A small, but stable, proportion of the Black Crappie population reaches preferademorablesize

eachyear (Figure 9), indicating stability in the harvestable fishery. However, fewer fish have been

present in the stockand qualitysize categories since about 2000. CPUE for daytime electrofishing

(Figure 7 top) shows a stable trend over time, but fyke net CPUE does reflect a decline like that of the

stock and qualitysize categories shown in Figure 1Reasons for a decline of these intermediate sizes

of Black Crappie are unknown, but, this trend wouldeally correspond with the rebound in

ddz0 YSNESR | ljdzr iAO0 @S3aSal A2y GKIG 200dzZNNBR | FGSNJ

25



suggesting an inverse relationship between staukd qualitysized Black Crappies and the coverage and
density of submers# aquatic vegetation. The catch of stegiked Black Crappie was at antiatie low
in 2018, and likely reflects a very low catch of subst&izkd Black Crappie in 2017.
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Figure B. Catch of substoegized Black Crappie annually in Navigation PodltBeoUpper Mississippi River by all
gears combined from th&lpper Mississippi River Restoration Progrdmng Term Resource Monitoring Element
The horizontal line indicates lortgrm average catch of substoslized fish.
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Figure B. Catch of stockhrough memorablesized Black Crappie annually in Navigation Pool 8 of the Upper
Mississippi River by all gears combined from lthpper Mississippi River Restoration Programong Term
Resource Monitoring Element
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Bluegill

Total catches of Bluegitiom all standard LTRM gear types combined have ranged from 1,685 in 1994 to
12,005 in 2010. We caught 4,241 Bluegill in 2018. Bluegill daytime electrofishing CPUE decreased in
2018 from that of 2017, continuing a general downward trend since 2Bi@g@i¢ 20top). Fyke net
CPUE (Figurg0 bottom) has shown &éongterm pattern similar to that oklectrofishingand declined in
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attributed to the systemwide crash oBubmersed aquatic vegetation; however, vegetation is currently
thriving, and catch rates have become low again. A possible explanation for the recent decline may be
hydrology, specifically high summer flows (see Figure 1 bottom graph) that may be teldtegious
effects upon survival or condition. An alternative explanation could also be predation by Yellow Perch.
Research by the Minnesota Department of Natural Resources LTRM staff indicates that perch seem to
be targeting agé Bluegills in winterSteve Delain, MNDNR, personal communication). Yellow Perch

have become abundant in Pool 8 in recent years.
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Figure20. Catch per unit effor(x 1SEf Bluegill bydaytime electrofishing (top graph) and fyke netting (bottom graph)
samples fronthe Upper Mississippi River Restoration Progranong Term Resource Monitoring Elemésh
collections inNavigationPool 8 of the Upper Mississippi Riv&ata are omitted for 2003 due to limited sampling
that year. The longdashed lines on the CPUE graphpresent the 10 and 90" percentiles and the dotted line

represents the longerm average for the period of record (192818).

Catches of substoesized Bluegill have been below the letegm average in seven of the last ten years
(Figure2l). Howerer, no severe decline seems evident. Like Black Crappie, Bluegill seem to produce

strong year classes every fourth year or so.
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Figure21. Catch of substoegized Bluegill annually in Navigation Pool 8 of the Upper Mississippi River by all gears
combined from thdJpper Mississippi River Restoration Progrdmong Term Resource Monitoring Elemefithe
horizontal line indicates lonterm awerage catch of substoesized fish.

Preferred and memorablesize Bluegill comprise a very small proportion of the overall catch (FR2@ure
but have been slightly more present since 2010. The number of gs@iy Bluegill seems stable,
relative to he high variability in the number of stoslkzed fish. The number of substesiked Bluegill
does not seem to translate into stoskzed fish the next year or following. This would suggest that
external forces are acting to shape the number of Blueihifis survive to larger sizes and would support
the presumption that hydrology may be a factor. If Yellow Perch predation was having a population
level impact, we would expect to see a declining trend in substock Bluegills, which is not evident.
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Figure22. Catch of stockhrough memorablesized Bluegill annually in Navigation Pool 8 of the Upper Mississippi
River by all gears combined from thipper Mississippi River Restoration Programng Term Resource
Monitoring Element
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